The wave data measured using the Datawell directional wave rider buoy at 13 m water depth off Ratnagiri during 2010 to 2013 is used to study the inter-annual variations in the wave characteristics.
Introduction
Coastal areas of the west coast of India is highly populated and a slight change in the wave height, wave period and direction trigger coastal erosion and cause impact on the socio-economics of the area. Hence, it is important to know the inter-annual variations in wave characteristics at a location.
The change in wave characteristics at a location can be either due to the change in the local winds or remote swells. The different wave systems present at a location can be identified by analyzing the wave spectrum (Hanson and Phillips 1999) . The studies in the eastern Arabian Sea indicate that wave spectrum is bimodal due to the presence of wind-seas and swells (Baba et al. 1989; Kumar et al. 2003) . Sajiv et al. (2012) has shown that the inter-annual variations in the bulk wave parameters at a location off the central west coast of India during 2008 to 2010 is negligible. The studies based on satellite derived data and ERA-Interim data have indicated that the significant wave height is marginally increasing in the south Indian Ocean and Arabian Sea (Young et al. 2011; Shanas and Kumar 2014) . Wave data collected off Ratnagiri for the years 2010 and 2011 are used to analyze the effect of wind systems on the near shore waves observed off the central west coast of India (Glejin et al. 2013 ).
The inter-annual variations in the bulk wave parameters and the wave spectrum off Ratnagiri are not known at present. Hence, a study on the inter-annual variations in wave characteristics at a location in central west coast of India is carried out.
Data used in the study
The wave data measured using the Datawell directional wave rider buoy at 13 m water depth off Ratnagiri during March 2010 to December 2013 is used in the study (Fig. 1) . The significant wave height (Hs), mean wave period and peak wave period is estimated from the wave spectrum. The details of the data analysis are presented in Glejin et al. (2013a) and Kumar et al. (2014) .
Results and discussions

Bulk wave parameters
Around 50% of the waves in a year are with Hs between 0.5 and 1 m (Fig. 2) . The percentage occurrence of waves with Hs less than 1 m is the same in all 3 years, but the occurrence of high waves (Hs > 1 m) is not the same. The distribution of wave height is similar during 2011 and 2012, but during 2013, high waves (Hs with 2.5 to 4 m) are higher than that during other years. The Hs during the monsoon shows oscillations of 5 to 60 days mainly due to the change in the monsoon intensity during the monsoon period (Fig. 3 ).
There is large variation (~ 0.5 m) in monthly average Hs in different years during the monsoon, but the average Hs for the monsoon period is the same (~ 2 m) in different years. Similarly the variation in annual average Hs during 2010 to 2013 is negligible (< 0.1 m). The average Hs during the monsoon is around 3 times that in the non-monsoon period and ~ 2 times of the annual average Hs (Fig. 4) . Inter-annual variations in monthly average Hs is maximum (0.5 m) in June and September due to the change in the monsoon intensity (Fig. 4) . Same trend is also observed in the mean period (Tm 02 ) and maximum spectral energy density (Emax). The average Tm 02 during the monsoon is 1.5 times higher than that in the non-monsoon period. The difference in Tm 02 between the monsoon and non-monsoon period is not only due to the monsoon factor but also the diminution of locally generated wind-sea by the weaker sea breeze land breeze wind system. This influence is also evident in the variation of Tp, however maximum values of Tp are observed mainly during the non-monsoon period. Variation in monthly average of mean wave direction show a decrease in wave angle from 300 to 220° as the season advancing from pre-monsoon to post-monsoon through the SW monsoon season (230-260°). Average of the maximum wave spectral energy density is 8 times higher in monsoon than in non-monsoon (Fig. 4d) .
Even though the monthly average Hs is similar in different years except the monsoon period, large inter-annual variations in monthly average peak period are observed during April, May and October due to the variations in the predominance of wind-sea and swell. During 2010, predominance of swell is observed in April, whereas in other 3 years wind-sea dominance is observed ( Fig. 4c and 4e ).
Similarly during 2011 and 2012, predominance of swell is observed in October, but predominance of wind-sea is found in 2010 and 2013. During December, wind-sea predominance is observed in 2010, whereas during the other years swell is dominant. The joint distribution of the peak wave period and the mean wave direction indicate three peaks; one corresponding to the southwest swells during the post-monsoon season, the second for the southwest-westerly monsoon waves and the third for the northwest waves during the pre-monsoon season. 15 to 18% of the waves in a year are with Hs of 0.5 to 1 m and from 225 to 240° and similarly 11 to 14% of the waves are with Hs 0.5 to 1 m and from 300-315°.
Diurnal variation in wave parameters
The range of Hs (difference between the maximum and the minimum) in a day varied up to 1.5 m with the high values (>1 m) during the SW monsoon period (Fig. 5) The extreme wave events occur during the monsoon period and if these wave events persists for longer periods it cause coastal erosion. We have examined the events lasting more than 5 h with different threshold limits of wave height (2.5, 3 and 3.5 m). Hs more than 2.5 m occurred up to 12 times during 2012 and 2013 and persisted up to 260 h in 2010 (Fig. 6 ). Up to 9 events of Hs more than 3 m are observed and the maximum duration of a single event is up to 40 h. One event of Hs more than 3.5 m is observed in June and July, but did not last for more than 9 h. The average peak wave period during the monsoon in different years is 10.4 to 10.7 s. The monsoon average peak period is slightly higher than the values during the non-monsoon period and the annual average peak period is 10.1 to 10.5 s.
Joint distribution of wave period and direction
The joint distribution of the peak wave period and the mean wave direction indicate three peaks; one corresponding to the southwest swells during the post-monsoon season, the second for the southwestwesterly monsoon waves and the third for the northwest waves during the pre-monsoon season (Fig.   7 ). 15 to 18% of the waves in a year are with Hs 0.5 to 1 m and from 225 to 240° and similarly 11 to 14% of the waves are with 0.5 to 1 m and from 300-315° (Fig. 7) .
Conclusions
Inter-annual variations in the wave characteristics are studied based on the wave data measured using 
